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Abstract
We present an approach of mass generation for Standard Model particles in which fermions acquire masses
from their interactions with physical vacuum and gauge bosons acquire masses from charge fluctuations of
vacuum. A remarkable fact of this approach is that left-handed neutrinos are massive because they have a
weak charge. We obtain consistently masses of electroweak gauge bosons in terms of fermion masses and
running coupling constants of strong, electromagnetic and weak interactions. On the last part of this work
we focus our interest to present some consequences of this approach as for instance we first show a restriction
about the possible number of fermion families. Next we establish a prediction for top quark mass and finally
fix the highest limit for the summing of the square of neutrino masses.
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I. INTRODUCTION
The Standard Model (SM) is a gauge theory based on the SU(3)C × SU(2)L × U(1)Y gauge
group. In this model particles acquire masses by means of implementation of the electroweak
symmetry spontaneous breaking using Higgs mechanism. This mechanism is based on the fact
that the potential must be such that one of neutral components of the Higgs field doublet acquires
spontaneously a non-vanishing vacuum expectation value. Since the vacuum expectation value of
the Higgs field is different from zero, the Higgs field vacuum can be interpreted as a medium with
a net weak charge. On this way the SU(3)C × SU(2)L × U(1)Y gauge symmetry is spontaneously
broken into the SU(3)C × U(1)em symmetry [1]. In current picture of Higgs mechanism particle
masses are generated by interactions of particles with weakly charged Higgs field vacuum [2].
We present an approach for particle mass generation [3] in which the role of Higgs field vac-
uum is played by physical vacuum. This physical vacuum is understood as a virtual medium at
zero temperature which is formed by fermions and antifermions interacting among themselves by
exchanging gauge bosons. We assume that the fundamental particle model to describe dynamics
of physical vacuum is the Standard Model without the Higgs Sector (SMWHS). We assume that
to every fermion flavor in physical vacuum we associate a chemical potential µf which describes
an excess of antifermions over fermions in the vacuum.
On this approach, masses for fermions are generated from their self-energies which represent
fundamental interactions of fermions with physical vacuum [4]. On the other hand, masses for
gauge bosons are generated from charge fluctuations of physical vacuum which are described by
vacuum polarization tensors [4]. An outstanding fact of our approach is that left-handed neutrinos
are massive because they have weak charge. The weak interaction among left-handed neutrinos and
physical vacuum is a source for neutrino masses. We find that masses of fermions and gauge bosons
are functions of vacuum fermionic chemical potentials µf which are unknown input parameters here.
This fact let us write masses for electroweak gauge bosons in terms of fermion masses and running
coupling constants of strong, electromagnetic and weak interactions. Additionally we establish a
prediction for top quark mass and fix the highest limit for the summing of the square of neutrino
masses.
Before considering the dynamics of real physical vacuum which is described by the SMWHS, in
section 2 we first study a more simple case in which the dynamics of the vacuum is described by a
non-abelian gauge theory and in this context masses of fermions and gauge bosons are generated
from vacuum. In section 3 we regard the SMWHS as the model which describes the dynamics
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of the physical vacuum and we achieve masses for fermions (quarks and leptons) and electroweak
gauge bosons (W± and Z0). This procedure allows us to consistently write electroweak gauge
boson masses in terms of the fermion masses and running coupling constants of three fundamental
interactions. In section 4 we first focus our interest to find a restriction about the possibility of
having a new fermion family, next establish a prediction for top quark mass and finally fix the
highest limit for the summing of the square of neutrino masses. Our conclusions are summarized
in section 5.
II. MASS GENERATION IN A NON-ABELIAN GAUGE THEORY
We initially study the case in which the dynamics of vacuum is described by means of a gauge
theory invariant under the non-abelian gauge group SU(N). Consequently the physical vacuum
is thought to be a quantum medium at zero temperature constituted by massless fermions and
antifermions interacting among themselves through the N − 1 massless gauge bosons. We assume
that there is an excess of antifermions over fermions in the vacuum. This antimatter-matter
asymmetry of vacuum is described by non-vanishing fermionic chemical potentials µfi , where fi
represent different fermion species. For simplicity, we take µf1 = µf2 = . . . = µf . Fermion mass
is generated by the SU(N) gauge interaction among massless fermion with vacuum. The charge
fluctuations of vacuum is a source of gauge boson mass.
We follow the next general procedure to calculate particle masses: (i) Initially we write one-loop
self-energies and one-loop polarization tensors at finite density and finite temperature. (ii) Next
we calculate dispersion relations by obtaining poles of fermion and gauge boson propagators. (iii)
Starting from these dispersion relations we obtain fermion and gauge boson effective masses at
finite density and finite temperature. (iv) Finally we identify these particle effective masses at
zero temperature as physical particle masses. This identification can be performed reasons by the
virtual medium at zero temperature represents the physical vacuum.
It is well known in the context of quantum field theory at finite temperature and density that as
a consequence of statistical interactions among massless fermions with a medium at temperature
T and fermionic chemical potential µf , fermions acquire an effective mass MF given by [5]
M2F (T, µf ) =
g2C(R)
8
(
T 2 +
µ2f
pi2
)
, (1)
where g is the interaction coupling constant and C(R) is the quadratic Casimir invariant of the
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representation of the SU(N) gauge group. For the fundamental representation the quadratic
Casimir invariant is given by C(R) = (N2 − 1)/2N [6]. The expression for M2F given by (1) is in
agreement with [7]-[10]. For the case in which the interaction among the massless fermions with
the medium is mediated by U(1) abelian gauge bosons, the effective mass of fermions is also given
by the expression (1) with g2C(R)→ e2, being e the interaction coupling constant associated with
the U(1) gauge group. The effective mass of fermions is gauge invariant due to that it was obtained
at leading order in temperature and chemical potential [10]. We are interested in the effective mass
at T = 0 which corresponds precisely to the case in which the vacuum is described by a virtual
medium at zero temperature. For this case the effective mass of the fermion is
M2F (0, µF ) =M
2
F =
g2C(R)
8
µ2f
pi2
. (2)
For the limit k ≪MF it is possible to write the fermion dispersion relation as [3]
ω2(k) =M2F
[
1 +
2
3
k
MF
+
5
9
k2
M2F
+ . . .
]
. (3)
It is well known that the relativistic energy in vacuum for a massive fermion at rest is ω2(0) = m2f .
It is clear from (3) that if k = 0 then ω2(0) = M2F and thereby we can identify the fermion
effective mass at zero temperature as the rest mass of fermion, i. e. mf = MF . For this reason
we can conclude that the gauge invariant fermion mass, which is generated from the SU(N) gauge
interaction of the massless fermion with the vacuum, is
m2f =
g2C(R)
8
µ2f
pi2
. (4)
On the other hand, as a consequence of charge fluctuations of the medium, the non-abelian
gauge boson acquires an effective mass MB(na) given by [5]
M2B(na)(T, µf ) =
1
6
Ng2T 2 +
1
2
g2C(R)
[
T 2
6
+
µ2f
2pi2
]
, (5)
where N is the gauge group dimension. The non-abelian effective mass (5) was also calculated in
[3]. If some dynamics of the medium were described by means of a U(1) gauge invariant theory,
the abelian gauge boson would have acquired an effective mass MB(a) given by [5]
M2B(a)(T, µf ) = e
2
[
T 2
6
+
µ2f
2pi2
]
. (6)
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The abelian effective mass (6) is in agreement with [11]. For the vacuum as described by a
virtual medium at T = 0, the non-abelian gauge boson effective mass generated by the quantum
fluctuations of the vacuum is
M2B(na)(0, µf ) =M
2
B(na) = g
2C(R)
µ2f
4pi2
, (7)
and the abelian gauge boson effective mass is
M2B(a)(0, µf ) =M
2
B(a) = e
2
µ2f
2pi2
, (8)
in agreement with the result obtained at a finite density and zero temperature [12]. The dispersion
relations for the transverse and longitudinal propagation modes are given by [13]
ω2L =M
2
B +
3
5
k2L + . . . , (9)
ω2T =M
2
B +
6
5
k2T + . . . , (10)
for k ≪ MBµ limit. It is clear from (9) and (10) that for k = 0 then ω
2(0) = M2B and we can
recognize the gauge boson effective mass as a physical gauge boson mass. The non-abelian gauge
boson mass is
m2B(na) =M
2
B(na) = g
2C(R)
µ2f
4pi2
, (11)
and the abelian gauge boson mass is
m2B(a) =M
2
B(a) = e
2
µ2f
2pi2
. (12)
We observe that the gauge boson mass is a function on the chemical potential that is a free
parameter on this approach. We can notice that if the fermionic chemical potential has an imaginary
value then the gauge boson effective masses given by (11) and (12) would be negative [14].
III. FERMION AND ELECTROWEAK GAUGE BOSON MASSES
In this section we present the way how fermions and gauge bosons masses are generated for
the case in which the dynamics of physical vacuum is described by mean of the SMWHS. The
dynamics of physical vacuum associated with the strong interaction is described by Quantum
Chromodynamics (QCD), while the electroweak dynamics of the physical vacuum is described by
the SU(2)L × U(1)Y electroweak standard model without a Higgs sector. The physical vacuum
is assumed to be a medium at zero temperature constituted by quarks, antiquarks, leptons and
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antileptons interacting among themselves through gluons G (for the case of quarks and antiquarks),
electroweak gauge bosons W±, gauge bosons W 3 and gauge bosons B. On this quantum medium
there is an excess of antifermions over fermions. This fact is described by non-vanishing chem-
ical potentials associated with different fermion flavors. Chemical potentials for six quarks are
represented by µu, µd, µc, µs, µt, µb. For chemical potentials of charged leptons we use the nota-
tion µe, µµ, µτ and for neutrinos µνe , µνµ , µντ . These non-vanishing chemical potentials are free
parameters.
i
i
i
G
+
i
i
i
W 3
+
i
i
i
B
+
i
I
i
W+
Figure 1: Feynmann diagrams contributing to the self-energy of the left-handed quark i.
Considering Feynman rules of the SMWHS we can calculate self-energies for every of the six
quark flavors. Feynman diagrams at one-loop order which contribute to the self-energy of the
left-handed quark i (i = uL, cL, tL) are shown in Figure 1. Using the general expression for fermion
mass given by (4), we obtain masses for left-handed quarks [3]
m2i =
[
4
3
g2s +
1
4
g2w +
1
4
g2e
]
µ2iL
8pi2
+
[
1
2
g2w
]
µ2IL
8pi2
, (13)
m2I =
[
4
3
g2s +
1
4
g2w +
1
4
g2e
]
µ2IL
8pi2
+
[
1
2
g2w
]
µ2iL
8pi2
, (14)
where gs, gw and ge are running coupling constants of strong, weak and electromagnetic interac-
tions, respectively. On expressions (13) and (14) the couple of indexes (i, I) runs over left-handed
quarks (uL, dL), (cL, sL) and (tL, bL). We can identify within (13) and (14) contributions for masses
of left-handed quarks from G, W 3, B and W± interactions among left-handed quarks and physical
vacuum.
If we call
aq =
1
8pi2
[
4
3
g2s +
1
4
g2w +
1
4
g2e
]
, (15)
bq =
1
8pi2
[
1
2
g2w
]
, (16)
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it is easy to prove that quark masses (13) and (14) lead to
µ2uL =
aqm
2
u − bqm
2
d
a2q − b
2
q
, (17)
µ2dL =
−bqm
2
u + aqm
2
d
a2q − b
2
q
, (18)
and we can obtain similar expressions for other two quark doublets (cL, sL) and (tL, bL).
Masses for left-handed leptons are obtained considering contributions to lepton self-energies.
We obtain that these masses are given by [3]
m2i =
[
1
4
g2w
]
µ2iL
8pi2
+
[
1
2
g2w
]
µ2IL
8pi2
, (19)
m2I =
[
1
4
g2w +
1
4
g2e
]
µ2IL
8pi2
+
[
1
2
g2w
]
µ2iL
8pi2
, (20)
where the couple of indexes (i, I) runs over leptons (νeL , eL), (νµL , µL) and (ντL , τL). A remarkable
fact is that left-handed neutrinos are massive because they have weak charge. As we can observe
from (19),W 3 and W± interactions among massless neutrinos with physical vacuum are the origin
of left-handed neutrinos masses.
If we make the following definitions
al =
1
8pi2
[
1
4
g2w
]
, (21)
bl =
1
8pi2
[
1
2
g2w
]
, (22)
cl =
1
8pi2
[
1
4
g2w +
1
4
g2e
]
, (23)
then lepton masses (19) and (20) lead to
µ2νL =
clm
2
ν − blm
2
e
alcl − b
2
l
, (24)
µ2eL =
−blm
2
ν + alm
2
e
alcl − b
2
l
, (25)
and it is possible to write similar expressions for other two lepton doublets (νµL , µL) and (ντL , τL).
We observe that for five of six fermion doublets the square of the left-handed chemical potential
associated to down fermion of each doublet has a negative value. This behavior is observed for
the case in which there is a large difference between masses of both fermions of the same doublet.
Since up and down quarks have approximately equivalent masses, the mentioned behavior is not
observed for the left-handed quark doublet formed by up and down quarks. For this case chemical
potentials associated to these two left-handed quarks are positive.
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On the other hand, applying expressions (11) and (12) for the SMWHS case, we obtain masses
for gauge bosons [3]
M2W± =
g2w
2
µ2uL + µ
2
dL
+ µ2cL − µ
2
sL
+ µ2tL − µ
2
bL
+
∑3
i=1(µ
2
νiL
− µ2eiL
)
4pi2
, (26)
M2W 3 =
g2w
4
µ2uL + µ
2
dL
+ µ2cL − µ
2
sL
+ µ2tL − µ
2
bL
+
∑3
i=1(µ
2
νiL
− µ2eiL
)
2pi2
, (27)
M2B =
g2e
4
µ2uL + µ
2
dL
+ µ2cL − µ
2
sL
+ µ2tL − µ
2
bL
+
∑3
i=1(µ
2
νiL
− µ2eiL
)
2pi2
, (28)
where the summation runs over the three leptons families. It is important to remember that if
the fermionic chemical potential has an imaginary value then its contribution to the gauge boson
effective mass, as in the case (11) or (12), is negative. This fact means that finally the contribution
from every fermionic left-handed chemical potential to masses of gauge bosons is always positive.
For well known physical reasons W 3µ and Bµ gauge bosons are mixed. After diagonalization of
the mass matrix, we get physical fields Aµ and Zµ corresponding to photon and neutral Z
0 boson
of mass MZ respectively, through relations [15, 16]
M2Z =M
2
W +M
2
B , (29)
cos θw =
MW
MZ
, sin θw =
MB
MZ
, (30)
where θw is the weak mixing angle
Z0µ = Bµ sin θw −W
3
µ cos θw, (31)
Aµ = Bµ cos θw +W
3
µ sin θw. (32)
Substituting expressions (17), (18), (24), (25) for fermionic left-handed chemical potentials into
expressions (26), (27), (28) we obtain masses of electroweak gauge bosons W and Z in terms of
fermion masses and running coupling constants of strong, electromagnetic and weak interactions.
Masses of electroweak gauge bosons can be written as [3]
M2W = g
2
w(A1 +A2 +A3 −A4), (33)
M2Z = (g
2
e + g
2
w)(A1 +A2 +A3 −A4), (34)
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where the parameters A1, A2, A3 and A4 are
A1 =
m2u +m
2
d
B1
, (35)
A2 =
m2c −m
2
s +m
2
t −m
2
b
B2
, (36)
A3 =
3(m2e +m
2
µ +m
2
τ )
B3
, (37)
A4 =
(3 + g2e/g
2
w)(m
2
νe +m
2
νµ +m
2
ντ )
B3
, (38)
and where
B1 =
4
3
g2s +
3
4
g2w +
1
4
g2e , (39)
B2 =
4
3
g2s −
1
4
g2w +
1
4
g2e , (40)
B3 =
3
4
g2w −
1
4
g2e . (41)
It is straight to show that if we take central experimental values for the strong constant at
the MZ scale as αs(MZ) = 0.1184, the fine-structure constant as αe = 7.2973525376 × 10
−3 and
the cosine of the electroweak mixing angle as cos θw = MW /MZ = 80.399/91.1876 = 0.88168786
[17], then gs = 1.21978, gw = 0.641799 and ge = 0.343457. Substituting the values of gs, gw and
ge and the values for the experimental masses of the electrically charged fermions, given by [17]
mu = 0.0025 GeV, md = 0.00495 GeV, mc = 1.27 GeV, ms = 0.101 GeV, mt = 172.0 ± 2.2 GeV,
mb = 4.19 GeV, me = 0.510998910 × 10
−3 GeV, mµ = 0.105658367 GeV, mτ = 1.77682 GeV, into
the expressions (33) and (34), and assuming neutrinos as massless particles, mνe = mνµ = mντ = 0,
we obtain that theoretical masses of the W and Z electroweak gauge bosons are given by
M thW± = 79.9344 ± 1.0208GeV (42)
M thZ = 90.6606 ± 1.1587GeV . (43)
These theoretical masses are in agreement with theirs experimental values given byM expW = 80.399±
0.023 GeV andM expZ = 91.1876±0.0021 GeV [17]. Central values for parameters A1, A2, A3 and A4
in expressions (33) and (34) are A1 = 1.32427 × 10
−5, A2 = 15478, A3 = 34.0137 and A4 = 0. We
observe that A2 is very large respect to A3 and A1. Taking into account the definition of parameter
A2 given by (36) we can conclude that masses of electroweak gauge bosons coming specially from
top quark mass mt and strong running coupling constant gs. Notwithstanding neutrino masses
are not known, direct experimental results show that neutrino masses are of order 1 eV [17], and
cosmological interpretations of five-year WMAP observations find a limit on the total mass of
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neutrinos of Σmν < 0.6 eV (95% CL) [18]. These results assure us that values of left-handed
lepton chemical potentials obtained of taking neutrinos to be massless will change a little if we
take true small neutrinos masses.
IV. SOME CONSEQUENCES OF THIS APPROACH
We note that expressions (33) and (34) establish a very close relationship among twelve fermion
masses and three interaction running coupling constants with masses of W and Z electroweak
gauge bosons. This fact let us obtain some consequences that we are presenting next.
We conclude that expressions (33) and (34) reasons by experimental uncertainties of electroweak
gauge boson masses restrict the existence of a new family of fermions in the SMWHS. We can arrive
to this conclusion if we suppose the existence of a new fermion family. We represent the two new
leptons as νn and ln, the two new quarks as un and dn, and the mass of these four fermions as
mνn , mln , mun and mdn , respectively. We hope that these fermion masses must be heavier than
the ones of the third family. These masses could satisfy: (i) The non-hierarchy condition given by
mνn ∼ mln andmun ∼ mdn ; (ii) the hierarchy condition expressed bymνn ≪ mln andmun ≪ mdn .
From the first condition, expressions (33) and (34) are modified by the inclusion of terms which
are proportional to m2νn +m
2
ln
and m2un +m
2
dn
. From the second condition, these expressions are
modified by terms which are proportional to m2νn −m
2
ln
and m2un −m
2
dn
. Both cases are strongly
suppressed by experimental uncertainties for electroweak gauge boson masses. On this way, our
approach establishes a strong restriction for possible existence of the fourth fermion family in the
SMWHS.
We obtain also a prediction for top quark mass starting from the expression (34). Using central
experimental values for Z and W electroweak gauge boson masses and uncertainties for running
coupling constants and for fermion masses, and assuming neutrinos as massless particles, we predict
from (34) that top quark mass is mtht = 173.0015 ± 0.6760 GeV. This theoretical value is in
agreement with the experimental value for top quark mass given by [17] mexpt = 172.0 ± 2.2 GeV.
If we write (38) as
A4 =
(3 + g2e/g
2
w)(Σm
2
ν)
B3
, (44)
from (34) we obtain that for the summing of squares of neutrino masses Σm2ν can be written as
Σm2ν =
[
A1 +A2 +A3 −
M2Zmin
g2e + g
2
w
]
B3
3 + g2e/g
2
w
, (45)
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where MZmin is the smallest experimental value of Z mass given by MZmin = 91.1855 GeV. Using
mt = 173.0015 GeV and central experimental values for fermion masses and running coupling
constants that we have used in section 3, we obtain that Σm2ν = 0.06213 GeV
2. This approach for
mass generation predicts that left-handed neutrinos are massive, but this can not predict about the
values for neutrino masses due to that fermionic chemical potentials are free parameters. However
we find a highest limit for the summing of squares of neutrino masses given by Σm2ν < 0.06213
GeV2
V. CONCLUSIONS
We have presented an approach of mass generation for Standard Model particles in which we
have extracted some generic features of the Higgs mechanism that do not depend on its interpre-
tation in terms of a Higgs field. On this approach the physical vacuum has been assumed to be
a medium at zero temperature which is formed by fermions and antifermions interacting among
themselves by exchanging gauge bosons. The fundamental effective model describing the dynamics
of this physical vacuum is the SMWHS. We have assumed that every fermion flavor in physical vac-
uum has associated a chemical potential µf in such a way that there is an excess of antifermions
over fermions. This fact implies that physical vacuum can be understood as a virtual medium
having an antimatter finite density.
Fermion masses are calculated starting from fermion self-energy which represents fundamental
interactions of a fermion with the physical vacuum. The gauge boson masses are calculated from
the charge fluctuations of physical vacuum which are described by a vacuum polarization tensor.
Using this approach for particle mass generation we have generated masses for the electroweak
gauge bosons in agreement with their experimental values.
A further result of this approach is that left-handed neutrinos are massive due to that they
have weak charge. Additionally our approach has established a strong restriction to the existence
of a new fermion family in the SMWHS. We have also predicted that top quark mass is mtht =
173.0015 ± 0.6760 GeV. Finally we have obtained the highest limit for the summing of squares of
neutrino masses given by Σm2ν < 0.06213 GeV
2
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